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Abstract: Ocular melanoma consists of posterior uveal melanoma, iris melanoma and conjunctival
melanoma. These malignancies derive from melanocytes in the uveal tract or conjunctiva. The genetic
profiles of these different entities differ from each other. In uveal melanoma, GNAQ and GNA11 gene
mutations are frequently found and prognosis is based on mutation status of BAP1, SF3B1 and EIF1AX
genes. Iris melanoma, also originating from the uvea, has similarities to the genetic makeups of both
posterior uveal melanoma (UM) and conjunctival melanoma since mutations in GNAQ and GNA11
are less common and genes involved in conjunctival melanoma such as BRAF have been described.
The genetic spectrum of conjunctival melanoma, however, includes frequent mutations in the BRAF,
NRAS and TERT promoter genes, which are found in cutaneous melanoma as well. The BRAF
status of the tumor is not correlated to prognosis, whereas the TERT promoter gene mutations are.
Clinical presentation, histopathological characteristics and copy number alterations are associated
with survival in ocular melanoma. Tissue material is needed to classify ocular melanoma in the
different subgroups, which creates a need for the use of noninvasive techniques to prognosticate
patients who underwent eye preserving treatment.
Keywords: ocular melanoma; genetics; uveal melanoma; iris melanoma; conjunctival melanoma;
noninvasive testing
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1. Introduction

nal affiliations.

The first known description of uveal melanoma (UM), a specific form of ocular
melanoma, dates from 1868, described by the German ophthalmologist and otolaryngologist Hermann Knapp [1]. Various subtypes based on cell type and pigmentation
among other characteristics were later described in 1882 by Austrian ophthalmologist Ernst
Fuchs. He also stated that enucleation was the treatment of choice, a treatment that is
still used currently [2]. UM was a rare disease in that century; it still is, but the incidence
is rising [3–5].
Currently, ocular melanoma is the second most common type of melanoma after
cutaneous melanoma and comprises 3–4% of all melanomas in the United States followed
by mucosal melanoma [3,4]. Ocular melanoma can be divided into uveal and nonuveal
ocular melanoma. Uveal melanoma (UM) is the largest group of ocular melanoma and
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ocular melanoma. Uveal melanoma (UM) is the largest group of ocular melanoma and
consist of choroid, ciliary body, and iris melanoma. Nonuveal melanomas are all
consist
of choroid,
ciliary(CM)
body,
and
iris melanoma.
Nonuveal
melanomas
are bilateral
all conconjunctival
melanomas
[3].
In almost
all cases, one
eye is affected
because
junctival
melanomas
(CM)
[3]. In almost
cases,
oneage
eyeofisdiagnosis
affected because
bilateral
ocular melanoma
is only
reported
in 0.1%all
[4,5].
Mean
in UM and
CM is
ocular
melanoma
only
reported
in 0.1%
[4,5]. Mean
age of diagnosis
in UM and
comparable
(61.4 is
and
61.7
years old,
respectively)
in Caucasians
[4], although
the CM
age is
of
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(61.4
and
61.7
years
old,
respectively)
in
Caucasians
[4],
although
the
age
of
onset of UM is lower in Asian patients [6]. The overall cancer-specific relative survival in
onset
UM is lower
Asian patients
The overall
cancer-specific
relative
survival
UM isofslightly
higherincompared
to CM[6].
whereas
the mean
cancer-specific
survival
at 5
in
UM
is
slightly
higher
compared
to
CM
whereas
the
mean
cancer-specific
survival
at
years is equal [4].
5 years is equal [4].
1.1. Uveal Melanoma
1.1. Uveal Melanoma
UM is the most common primary intraocular malignancy in adults in the Western
UM is the most common primary intraocular malignancy in adults in the Western
world with an incidence of 5–7:1,000,000 people [4,5]. UM arises predominantly in the
world with an incidence of 5–7:1,000,000 people [4,5]. UM arises predominantly in the
choroid followed by ciliary body and iris (Figure 1) [7,8]. The prognosis of iris melanoma
choroid followed by ciliary body and iris (Figure 1) [7,8]. The prognosis of iris melanoma is
is favorable compared to melanoma of the choroid and ciliary body [9,10]. The 5-year
favorable compared to melanoma of the choroid and ciliary body [9,10]. The 5-year overall
overall survival of choroid and ciliary melanoma is 77–80% with a cancer specific 5-year
survival of choroid and ciliary melanoma is 77–80% with a cancer specific 5-year survival
survival
rateMore
of 76%.
More
of alldevelop
patientsmetastases
develop metastases
with asurvival
median
rate
of 76%.
than
half than
of allhalf
patients
with a median
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of
six
months
when
metastatic
disease
is
present
in
UM,
whereas
the
melanoma
of six months when metastatic disease is present in UM, whereas the melanoma related
related
in iris melanoma
is 3–4% One
[4,11–13].
even
showedmelanoma
a 15-year
death
in death
iris melanoma
is 3–4% [4,11–13].
studyOne
evenstudy
showed
a 15-year
melanoma
specific
survival
up
to
100%.
[10]
Although
both
groups
have
resemblances
in
specific survival up to 100%. [10] Although both groups have resemblances in their genetic
their
genetic
makeup,
the
involvement
of
certain
genes
is
different
as
well
as
their
clinical
makeup, the involvement of certain genes is different as well as their clinical behavior.
behavior. Therefore,
iris melanomas
are considered
a distinctwithin
subgroup
UM.
Therefore,
iris melanomas
are considered
a distinct subgroup
UM. within
UM used
in UM
the
used
in
the
literature
generally
refers
to
posterior
(choroid
and
ciliary
body)
UM.
UM
literature generally refers to posterior (choroid and ciliary body) UM. UM can appearcan
as
appear amelanotic
as (partly) amelanotic
lesionsinasFigure
shown2.in Figure 2.
(partly)
lesions as shown

Figure
Figure1.1.Section
Sectionof
ofan
aneye
eyewith
withaauveal
uvealmelanoma
melanomain
inthe
thechoroid
choroid(left),
(left),schematic
schematicoverview
overviewofofthe
theanatomy
anatomy(right).
(right).

Treatment of primary UM consist of surgery, radiotherapy or a combination of these
therapies [4]. A large randomized trial has shown that treatment modality has no effect
on long-term survival [14]. However, in small UM, radiotherapy might have a beneficial
effect over surgery regarding overall survival, although high-risk patients were not identified within this study [15]. Unfortunately, there is no adequate treatment available for
metastatic UM. First line treatment with immunotherapy, using an anti-PD-1 monoclonal
antibody named pembrolizumab, showed only positive results in a minority of patients [16].
Since GNAQ and GNA11 genes, in which mutations occur in UM [17], are related to the
MAPK-Erk Pathway, inhibitors of this pathway (MEK inhibitors) could have an effect of
metastatic disease. However, clinical trials using MEK inhibitors in metastatic UM show
contradictory results [18,19].
Mutations in certain genes as well as chromosomal aberrations correlate with patient
prognosis [20,21]. Not only are genetic and cytogenetic characteristics correlated to prognosis, but several clinical and histopathological characteristics are also associated with a
higher risk of metastatic disease. Clinical and histopathological parameters correlated with
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a poor prognosis are larger tumor diameter, ciliary body involvement, mixed or epithelioid
3 of 19
cell type, extracellular matrix patterns and high mitotic or Ki-67 proliferation index [22].

Figure2.2.Partly
Partlyamelanotic
amelanoticiris
irismelanoma.
melanoma.
Figure

1.2. Pediatric
Uveal
Treatment
of Melanoma
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Unfortunately,
there
is
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treatment
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[16].
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in which
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are
Other
studies
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UM show
results [18,19].
Treatment
UM does
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from the treatment
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certain genes
as well
chromosomal
aberrations
with
patient
enucleation,
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and proton
beam therapy
[24,25,27]. Few
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Not only
are genetic
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are
treated with
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several
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with a higher risk of metastatic disease. Clinical and histopathological parameters
The prognosis
of UM
in children
young
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differs from
Chilcorrelated
with a poor
prognosis
areand
larger
tumor
diameter,
ciliaryadult
bodypatients.
involvement,
dren
with
UM
have
a
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prognosis
compared
to
young
adults
with
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(18
to
24
of
mixed or epithelioid cell type, extracellular matrix patterns and high mitotic or Ki-67
age)
with a 10-year
proliferation
indexsurvival
[22]. rate of 92% and 80%, respectively [27]. With a 10-year survival
rate of 93%, juvenile UM patients have a better prognosis compared to adults (65%) [24].
Metastasis
of UM
(posterior
and iris melanoma) in patients with age at diagnosis <21 years
1.2. Pediatric
Uveal
Melanoma
are described in 8–44% [8,24,25,29,30] with congenital melanocytosis as a predictor of
UM in children and young adults are described in less than 1% of all UM [8,23–25].
poor prognosis [27]. Patients with extraocular extension also have a significant higher
Like in adult UM, the tumor is most commonly primarily located in the choroid. Contrary
risk of UM-related death, whereas ciliary body involvement or cell type had no effect on
to the frequency in adults, however, the frequency of iris melanoma is higher than
prognosis [27]. Although not statistically proven, it seems that females tended to have a
melanoma originating from the ciliary body. A large cohort of 8033 UM patients described
worse survival compared to males [27,28].
by Shields et al. showed in the age group of patients of 20 years or younger that 21% of
developed
UM Melanoma
are iris melanoma, whereas in adults, only 2–4% of UM consists of iris
1.3.
Conjunctival
melanoma [8]. Other studies describe iris melanoma in about 20–25% of all UM patients
Conjunctival melanoma (CM) arises from melanocytes in the epithelium of the conjuncin children and young adults [24,26]. It seems that females are at more risk to develop UM
tival membrane and account for less than 10% of all ocular melanoma [4,5,9]. The incidence
before the age of 25, although this was not statistically significant in cohort studies,
of CM is 1–2 per 1,000,000 people in the Western world with an increasing trend [31,32].
probably due to the small size of the groups [26–28].
Malignant lesions account for 6–30% of all conjunctival lesions, with squamous cell carTreatment of pediatric UM does not differ from the treatment in adults and includes
cinoma and melanoma being the most frequent [31,33]. CM most often arise from prienucleation,
radiotherapy,
resection
beam therapy
[24,25,27].
Fewalso
children
are
mary
acquired
melanosis (PAM)
butand
CMproton
originating
from nevi
or de novo
occurs
treated with laser photocoagulation, transpupillary thermotherapy, gamma knife and
photodynamic therapy [26,27].
The prognosis of UM in children and young adults differs from adult patients.
Children with UM have a favorable prognosis compared to young adults with UM (18 to
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Conjunctival melanoma (CM) arises from melanocytes in the epithelium of the
conjunctival membrane and account for less than 10% of all ocular melanoma [4,5,9]. The
incidence of CM is 1–2 per 1,000,000 people in the Western world with an increasing trend
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[31,32]. Malignant lesions account for 6–30% of all conjunctival lesions, with squamous
cell carcinoma and melanoma being the most frequent [31,33]. CM most often arise from
primary acquired melanosis (PAM) but CM originating from nevi or de novo also occurs
(Figure 3) [34,35]. Conjunctival melanoma in children is rare, a systematic review of the
(Figure 3) [34,35]. Conjunctival melanoma in children is rare, a systematic review of the
literature from 2019 by Balzer et al. described 32 patients with conjunctival melanoma
literature from 2019 by Balzer et al. described 32 patients with conjunctival melanoma with
with an age of onset before 18 years [36].
an age of onset before 18 years [36].

Figure 3. Primary acquired melanosis (left), conjunctival melanoma (right) in the same patient.
Figure 3. Primary acquired melanosis (left), conjunctival melanoma (right) in the same patient.
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foundLike
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in
liver, melanoma,
lung, brain or
Local
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[38].
uveal
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However,
Like in
uveal
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small
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However,
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of
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and
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2. Genetics of Ocular Melanoma
2. Genetics
of Ocular
Melanoma
Chromosomal
aberrations
are a key feature of genomic instability of cancer cells and
the observation
of
chromosome
3 loss
in metastasizing
UM by
Prescher of
et cancer
al. in 1996
Chromosomal aberrations are
a key
feature of genomic
instability
cellswas
and
athe
cytogenetic
hallmark
for
UM
[42].
With
the
introduction
of
new
high
throughput
DNA
observation of chromosome 3 loss in metastasizing UM by Prescher et al. in 1996
was
sequencing
techniques,
replacing
traditional
karyotyping,ofa new
number
genes mutated
a cytogenetic
hallmark for
UM [42].
With the introduction
highofthroughput
DNA
by
the different
types ofreplacing
ocular melanoma
discovered.
Their of
role
in initiation
sequencing
techniques,
traditionalwere
karyotyping,
a number
genes
mutated or
by
progression
of types
the disease
was investigated
and will
be discussed
in the
sections for
the different
of ocular
melanoma were
discovered.
Their
rolenext
in initiation
or
some of these genes.
2.1. Uveal Melanoma
The most frequently mutated genes in UM are GNAQ and GNA11. Mutations in
these genes occur in 71–93% of all UM tumors; we and others have shown that they
have no predictive value [22,43–45]. Mutations occur most often in the 209 residue of exon
5 although mutations in amino acid 183 in exon 4 are also described [45]. GNAQ and GNA11
are involved in the Gα signaling pathway and are mutually exclusive in the vast majority
of tumors. Other frequently mutated genes in UM are BAP1, SF3B1 and EIF1AX [21,46].
Prognosis of UM patients can be predicted with the mutation status of secondary
driver genes EIF1AX, SF3B1 and BAP1 which are almost always mutually exclusive. Patients with a BAP1 mutation or absent BAP1 expression with immunohistochemistry (IHC)
have a high metastatic risk while patients with an EIF1AX mutation have a low risk of
metastatic disease [20,21,47]. Mutations in BAP1 are less frequently found in iris melanoma
and not correlated with survival [44]. When looked at the chromosomal profile of UM,
there is a decreased disease-free survival in tumors with loss of chromosome 3 (monosomy
3) which is associated with BAP1 mutations [20,22,47]. Gain of chromosome 8q is a poor
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predictor as well [48]. Other chromosomal aberrations found in UM include chromosome
1p loss and gain of chromosome 6 [20,22]. These chromosomal aberrations can be detected using karyotypes, fluorescent in situ hybridization (FISH) and single nucleotide
polymorphism (SNP) array analysis.
In patients harboring a disomy 3 UM, two genes are mainly mutated: EIF1AX
and SF3B1.
In eukaryotes, EIF1AX, encoding for the X-linked Eukaryotic Translation Initiation
Factor 1A protein, stimulates and stabilizes the ribosome and is involved in start codon
recognition [49–52]. In UM, mutations in EIF1AX primarily occur as heterozygous amino
acid substitutions in exon 1 and 2, causing an in-frame mutation affecting the proteins
N-terminus [53,54]. As EIF1AX acts as a regulator for translation initiation, mutations
herein result in wrong selection of start sites, which might cause suppressed translation
of canonical transcripts or upregulation of oncogenes [53,55]. However, the precise biological function and its contribution to tumorigenesis is not fully understood. Although
the heterozygous mutation is located on the X-chromosome, in females, the wild-type
allele is silenced through selective X-chromosome inactivation, resulting in mutant transcripts only [53].
Yavuzyigitoglu et al. have shown that patients harboring an EIF1AX tumor have a
good prognosis, as these tumors harbor a low risk of metastasis [23]. EIF1AX mutations
are reported to occur in 8% to 19% [56].
SF3B1 encodes for a part of the spliceosome, splicing factor 3 subunit 1. The spliceosome is responsible for splicing noncoding introns from precursor mRNA at specific splice
sites, leaving only the exonic sequence [57]. As part of the spliceosome, the SF3b complex
recognizes branch point sites on precursor mRNA at which U2 snRNP (small nuclear
ribonucleoprotein) is recruited. SF3b facilitates the interaction between the branch point
site and U2 snRNP by protein crosslinking, after which the spliceosome is catalyzed [58–60].
The majority of recurrent hotspot mutations in SF3B1 occur at the edge of the C-terminal
HEAT domains, near the precursor mRNA binding region and might be important for
RNA or protein interactions [57,61].
Mutations in SF3B1 lead to aberrant transcripts [58], primarily caused by alternative 30
splice site selection upstream of the canonical splice site, coincided by misregulated branch
point usage [62]. As a result, mutations in spliceosome components, such as SF3B1 mutant
tumors, can have alternative 30 acceptor splice sites, alternative cassette exons and intron
retention in protein coding and noncoding genes as shown by Furney et al. [63].
Yavuzyigitoglu et al. reported UM patients harboring an SF3B1 mutation were diagnosed younger at 54.5 years than patients harboring an EIF1AX or BAP1 mutated tumor,
diagnosed at 64 years [21]. They reported that these patients have an apparent risk of late
onset metastases as 11 of 32 (34%) metastasized within 16 years (mean: 11.2 years after
initial diagnosis) [23]. Harbour et al. described that 18.6% of the UM mutations occur
in SF3B1 [64].
Because of the small number of iris melanoma, the genetic background is not as extensively explored as posterior uveal melanoma. Although genes involved in posterior uveal
melanoma are mutated in iris melanoma as well, there are some differences. Iris melanoma
harbor GNAQ, GNA11 and EIF1AX mutations while BAP1 mutations and mutations in
SF3B1 are less common or rare [43,44]. A mutation in BRAF, a gene often mutated in cutaneous melanoma, was identified in iris melanoma [44]. Loss of chromosome 3 is described
in iris melanoma as well as loss of 9p [65]. Moreover, aberrations of chromosome 1, 6 and
8, chromosomes that are involved in posterior uveal melanoma as well, were described in
iris melanoma [66,67].
More sequencing and larger UM patient cohorts identified less prevalent recurring
genes. Mutations in PLCB4, a downstream effector of Gαq signaling are described in
<10% of uveal melanoma [68]. A study aimed at identifying gene mutations in 139 UM
showed mutations in GNAQ and GNA11 in 93% being mutually exclusive except for one
UM harboring a GNAQ and GNA11 mutation. Mutations in PLCB4 (2%) were found in
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tumors with or without a GNA11 mutation, whereas mutations in CYSLTR2 (5%) were
identified in UM with no mutation in one of the other genes. Deletions in spliceosome
factors RBM10, in-frame deletions of SRSF2 and homozygous deletion SF3A1 were found
in only a few tumors [69]. Mutations in SRSF2 were all heterozygous in-frame deletions
and starting at residue 92 or 03, except for one case described in The Cancer Genome Atlas
(TCGA) starting at 174 [70].
2.2. Conjunctival Melanoma
Mutations in BRAF are identified in 25–35% of conjunctival melanoma of which the
vast majority is the BRAF V600E mutation. This mutation can be identified using genetic
testing, but immunohistochemistry is used as well [34]. The BRAF gene is involved in
signal transduction and mutated in different types of cancer, most commonly in malignant
melanoma. Amino acid valine (V) at residue 600 is mutated and replaced by a glutamic
acid (E) in cutaneous melanoma [71]. BRAF mutations were more often identified in
conjunctival melanoma with a bulbar localization [34]. Apparently, cutaneous melanoma
and conjunctival melanoma have an overlap in their genetic background. Other genes
involved in the development of conjunctival melanoma are TERT promoter, NRAS and NF1
in which pathogenic mutations are described [35,72,73]. GNAQ and GNA11 mutations are
identified, but not the activating hotspot mutations that occur in UM [35]. Amplification of
chromosome 6 is found in more than half of the conjunctival melanoma. Moreover, alterations in chromosome 9q, 11q, 6p, 17p and 19 have also been detected [39]. TERT promoter
mutations have recently been identified to correlate to metastatic disease [74].
3. Inheritance of Uveal Melanoma

Int. J. Mol. Sci. 2021, 22, 336

Mutations or variants in genetic information can be passed from one generation to
the next (inheritance) and cause a specific phenotype or disease. This is only possible if
the mutation is present in the gametes, which is in general a germline mutation (Figure 4).
7 of 19
Somatic mutations occur during embryogenesis or throughout life and are not present
in
the gametes and therefore not heritable.

Figure 4.
4. Schematic
Schematicoverview
overview of
of germline
germline and
and somatic
somatic mutations.
mutations.
Figure

Only 2–4%
2–4% of
of all
all uveal
uveal melanoma
melanoma patients
patients harbor
harbor aa germline
germline BAP1
BAP1 mutation
mutation [75–77]
[75–77]
Only
and
although
familial
uveal
melanoma
is
rare,
BAP1
has
been
identified
as
a
predisposition
and although familial uveal melanoma is rare, BAP1 has been identified as a
predisposition gene for UM as well as a variety of other cancers [78]. When focused on
familial UM, the incidence of BAP1 germline mutations is higher and is reported up to
19%. Not only UM was described in these families but other cancers such as cutaneous
melanoma and renal cell carcinoma were present in family members with this BAP1 tumor
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gene for UM as well as a variety of other cancers [78]. When focused on familial UM, the incidence of BAP1 germline mutations is higher and is reported up to 19%. Not only UM
was described in these families but other cancers such as cutaneous melanoma and renal
cell carcinoma were present in family members with this BAP1 tumor predisposition syndrome (BAP1-TPDS) [79]. Almost all UM in patients with a germline BAP1 mutation have
tumors that are located posteriorly, although one iris melanoma has been described [80].
In general, more cutaneous melanoma and ocular melanoma in the family history was
reported in patients with uveal melanoma and a BAP1 germline mutation compared to
patients without this germline mutation. Moreover, germline mutated BAP1 carriers have
a larger tumor diameter and more frequently reported ciliary body involvement. Multivariate analysis did not show that germline BAP1 mutations are an independent risk factor
for the development of metastasis [75]. When metastasis-free survival of UM patients
with a germline BAP1 mutation was compared to those with a somatic BAP1 mutation,
it was shown that the germline BAP1 mutated group has a more favorable prognosis [81].
In contrast, another study showed that germline BAP1 mutations occur more often in
metastatic ocular melanoma compared to nonmetastatic ocular melanoma, even though
this difference was not significant and not adjusted for the greater risk of metastatic disease
in BAP1-mutated UM in general [82]. The median age of diagnosis does not differ between
patients with a somatic or germline BAP1 mutation [81].
The four main tumor types strongly associated with the BAP1-tumor predisposition
syndrome (BAP1-TPDS) are uveal melanoma, mesothelioma, cutaneous melanoma and
renal cell carcinoma [83]. The frequency of BAP1 germline mutations is higher in families
with cutaneous and uveal melanoma compared to families without uveal melanoma [82].
In families with a positive family history of UM, the frequency of BAP1 germline mutations
was 22% [77]. Accordingly, an accurate family history should be obtained when diagnosing new UM. In addition, it has been shown that germline null mutations in BAP1 are
more frequently observed compared to controls and the BAP1-TPDS is probably underreported [84]. Therefore, BAP1 germline testing might be useful in case of familial UM
or the occurrence of other cancers in a patient’s family history. Other germline mutations
described in UM are mutations in the TP53 gene, although these are rare and the role of
these mutations should be elucidated [85] TP53 mutations associated with UM and breast
cancer in a family are already described in 1905. This was probably in the context of the
Li–Fraumeni syndrome [86].
4. Prognosis
4.1. Uveal Melanoma
Several clinical and histopathological characteristics of UM are used to predict patients’ prognosis. Initially, it was found that histopathologic features as cell type, largest
tumor diameter and the location of anterior margin were correlated to different risk class
of melanoma-related survival [87]. Other predictors for poor outcome were scleral extension, mixed/epithelioid cell type, Ki-67 proliferation index, inflammatory phenotype,
high mitotic figures and deeper scleral extension and the presence of extracellular matrix
patterns [22,87,88]. However, some of these characteristics are not independent of each
other. For example, larger tumors are more commonly found in the anterior choroid or
ciliary body and feature epithelioid cells [89].
Not only can clinical and histopathological characteristics of the tumor be used to
predict patients’ prognoses, but patient characteristics are also important factors. Patients
who develop UM before the age of 21 have a better prognosis compared to middle-aged
adults (until age 60) or older patients [8,30]. It should, however, be mentioned that
tumor thickness and diameter was not equally distributed between all age groups [8].
Besides age at diagnosis, there are studies showing male patients are at higher risk for
the development of metastases than female patients [90,91]. Moreover, metastatic disease
developed earlier in men and the survival rate from diagnosis of metastatic disease was
lower [90]. This difference in sex as a risk factor was not detected in Asian populations
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and the metastasis-free survival was higher compared to previous mentioned studies [6].
Uveal melanoma does occur in pregnancy, although the survival rates are similar to nonpregnant women [92].
Later on, genetic factors such as chromosomal aberrations and genetic mutations
were added to improve prediction of patients’ survival. It was shown that patients with
UM and loss of chromosome 3 (monosomy 3) [93–95] and gain of chromosome 8q in the
tumor had a significant poor prognostic influence [22,94,95]. In addition, monosomy 3 was
an independent risk factor for the development of metastasis, and thus poor prognosis,
when corrected for tumor diameter and tumor site. Nevertheless, this study did not
show a correlation of histological cell type, extrascleral extension and tumor thickness to
prognosis [42]. One of the methods used in cytogenetics to detect chromosomal aberrations
is FISH. This technique is used in UM to confirm the use of chromosome 3 and 8 and
their relation to prognosis [96]. Further research validates the fact that patients with a
UM showing monosomy 3 have a significantly lower disease-free survival. In addition,
a relation between concurrent loss of 1p and 3 and the risk of metastasis was shown.
UM that harbor both chromosomal aberrations is at an even higher risk of developing
metastasis than UM with solely loss of chromosome 3. There was also a relation between
cell type and the existence of chromosome 3 loss or 6p gain [93]. Loss of 1p and 8 are
significant prognostic factors independently [91]. In order to display these chromosomal
9 of is
19
aberrations, SNP-array analysis can be used. SNP-array analysis is a technique which
frequently used in UM research (Figure 5).
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Immunohistochemistry (IHC) can be used to detect the presence of BAP1 protein
expression (Figure 6). Nuclear BAP1 expression is strongly correlated with patient
survival and metastatic rate; lack of expression is a risk factor for the development of
metastasis and poor prognosis [100,101]. It was shown that BAP1 mutations often results
in the absence of BAP1 expression using IHC. Moreover, there is an association of BAP1

prognoses compared to those with complete monosomy 3 [97], although later studies
showed no significant difference in survival between patients with monosomy 3 or partial
loss of chromosome 3 of the primary UM. In addition to these findings, loss of
heterozygosity of chromosome 3 is even more important than monosomy 3 by itself [98].
The role of BRCA1-associated protein (BAP1), located on chromosome 3, was
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proposed to have a role on the prognosis of UM about a decade ago. It was found that
somatic mutations in BAP1 were frequently present in metastasizing UM [99].
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UM harboring an EIF1AX mutation have prolonged survival and low risk of metastasis
These somatic mutations mainly occur in UM with disomy 3 [21,46,55]. Another mutation
frequently found in disomy 3 UM is a hotspot missense mutation in SF3B1 at codon 625 [21,55].
Mutations in this gene, encoding subunit 1 of splicing factor 3b, are almost in all cases affecting
codon 625, but mutations in K666 or K700 are also described [53,54,63–108]. Mutations in SF3B1
are associated with alternative splicing of a wide range of target genes [63]. These findings
were also identified in RNA sequencing data.
The clinical relevance of these splicing events is not completely clear, but it has
been shown that SF3B1 mutated tumors are at risk to metastasize. Patients with UM
harboring an SF3B1 mutation can develop late onset metastases. Metastases develop in
most patients after 5 years, and metastatic disease can occur even after 10 years. This is in
contrast with BAP1-mutated UM, in which metastases are mainly diagnosed within 5 years
after diagnosis [21].
Not only have chromosomal aberrations and mutation status of the tumor have been
used to classify uveal melanoma patients, but a classification can also be performed with
gene expression profiling. Two profiles can be distinguished, with class 1 being tumors with
a good overall survival and low metastatic risk, whereas class 2 tumors are more likely to
metastasize [103]. The ability to differentiate two groups of UM based on gene expression
profiling correlating with survival was also shown in other studies [104,105]. This subgroups
classification is not only based on gene expression profiling but corresponds with mutational status and micro-RNA expression as well. These different mi-RNA expression
profiles are probably not caused by the copy number state of the primary tumor but act
as an independent process [106]. This mi-RNA expression profile can contribute to the
prediction of patient prognosis. When looked to overall survival, the upregulation or
downregulation of certain mi-RNAs have a prognostic value in patients with UM [107].
4.2. Iris Melanoma
The prognosis of iris melanoma is favorable compared to posterior uveal melanoma.
A large cohort of more than 1000 iris melanoma showed that 3% of iris melanoma metastasized [109]. This finding is according to smaller cohort studies in which metastatic disease
is present in 10% or less [11,44,110,111].
The American Joint Cancer Committee (AJCC) on Cancer classification can be used
to describe and predict patient outcome. Most patients (75%) are scored following the
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AJCC Classification eighth edition as T1 (limited to the iris), whereas tumor confluent
with or extending into the ciliary body and/or choroid (T2) including scleral extension
(T3) or extra scleral extension (T4) are less common [11]. The 10-year risk of metastatic
disease has been shown to be 5% in T1 tumors. Iris melanomas that are classified as T4
showed a 33% estimate of metastasis at 5 years, although only 5% of all iris melanomas
were T4 tumors in this study [11]. Extraocular extension and high intraocular pressure
are described as risk factors for metastasis [110]. Histological cell type is a risk factor as
well; mortality was lower in spindle cell melanoma compared to mixed and epithelioid
cell melanoma [108,111]. Within different age groups, there is no significant difference in
survival between children, middle-aged adults and older adults [110]. BAP1 status using
immunohistochemistry was not found of predictive value [44].
Recurrent disease was higher in patients treated with iodine-125 radioactive plaque
therapy in which there was reduced cornea surface coverage by the plaque and the presence of
glaucoma after treatment. These risk factors were not correlated with the metastatic rate [112].
Regarding the good prognosis after treatment, it should be noted that overtreatment
could be possible in patients with iris melanoma. A large cohort of suspicious melanocytic
iris lesions showed the low potential for malignant transformation and good prognosis [113]. This indicates that an overestimation of favorable prognosis after treatment is
possible in patients who could have underwent conservative treatment as well.
4.3. Conjunctival Melanoma
Local recurrence rates of conjunctival melanoma are described in 30%–58% [40,114].
Treatment with excision alone has a higher risk of recurrent disease [40,114] as well as
nonepibulbar location of the tumor [114,115]. The 5-year overall survival is 72% (melanomarelated survival 90%) [40]. Metastasis are reported in literature in about a quarter of
conjunctival melanoma patients [39,116].
Metastasis of conjunctival melanoma occur to regional lymph nodes, but distant
metastases are described as well [39,40]. Distant metastases are found in patients following
lymph node involvement, but are also described in patients without lymph node metastasis [40]. A correlation between tumor thickness (>2 mm), ulceration and mitotic figure count
(>1/mm2 ) and regional lymph node metastasis was found [37,74,117] Tumor diameter was
also correlated with the risk of regional metastasis in a Dutch cohort [116]. Cell type is an
important risk factor since patients with mixed cell type tumors had a higher mortality compared to spindle cell CM [109]. When lymphangiogenesis is present, a higher recurrence
and risk of metastatic disease is present [109,118]. However this might be a confounder
since high lymphatic density was associated with risk factors that are described as independent factors previously such as greater tumor thickness and larger tumor diameter [118].
In patients who underwent sentinel lymph node biopsy, a positive biopsy was related with
a higher incidence of distant metastasis and a worse disease specific survival [37], and local
recurrence is associated with a higher risk of melanoma-related death [40]. Similar findings
were reported using a large Chinese cohort: a higher T stage using the AJCC staging
system, greater tumor thickness, more quadrants involved, local resection and the absence
of adjuvant therapy were associated with worse survival [119].
Chromosomal status is also correlated with survival, and it has been shown that
deletions on chromosomal 10q are correlated with metastatic disease [39].
BRAF mutations occur frequently in conjunctival melanoma, especially in the sunexposed area of the bulbar conjunctiva. However, no association of survival and gene
mutation status regarding BRAF and KIT was identified [119]. This was confirmed in
another study in which no relation between BRAF mutation status and local recurrence,
metastasis and death is observed [34].
The presence of BRAF mutations might be important in the future because BRAF/MEK
inhibitors could possibly play a role in treatment of metastatic disease, as they is used in
cutaneous melanoma where BRAF mutations at the same residue are present [120]. TERT
promotor mutations correlate with prognosis which could act as a therapeutic strategy

Int. J. Mol. Sci. 2021, 22, 336

11 of 18

in the future [74]. The survival in children appears favorable compared to adults [36].
However, the incidence in children and adolescents is low and the groups described in
literature small.
5. Noninvasive Testing
Tumor tissue is needed to predict patients’ prognoses; prognostication of patients who
undergo eye preserving treatment such as radiotherapy is not possible based on a genetic
profile when no biopsy was taken. Biopsies of tumor tissue are invasive with an inherent
risk. Therefore, there is a need for noninvasive tumor testing which can not only be used
for diagnostic purposes, but also to monitor the disease with a biomarker in real time.
For other cancer types, noninvasive testing is widely used for diagnostics and follow-up of
patients and includes cell free DNA (cfDNA), circulating tumor DNA (ctDNA), circulating
tumor cells (CTC), tumor-derived exosomes, tumor-educated platelets and micro-RNA.
These so-called liquid biopsies can be withdrawn from plasma, urine and other body fluids.
One of the advantages of liquid biopsies over tissue biopsy is that tumor heterogeneity is
more represented and changes of the mutational landscape of the tumor over time could
be detected.
In lung and breast cancer, cfDNA concentrations correlate with disease progression [114,121]. Moreover, tumor-specific mutations could be detected in cfDNA from
plasma, indicating that this technique can be used as a diagnostic as well as predictive
tool [115,122]. Methods to isolate CTCs are well investigated and it has been shown that the
prevalence of CTCs in blood in patients of several metastatic cancer types was risen [123].
The use of CTCs in UM seems to have a predicted value on overall survival, although
only small studies have been performed. Patients with CTCs detected in early-stage
uveal melanoma have a less favorable prognosis compared to patients in which CTCs
were not detected [124]. In patients with metastatic UM, the CTC cell count and ctDNA
levels were also correlated with progressive free survival. There was also a relation with
clinical characteristics of the tumor and the level of CTCs and ctDNA. More CTCs and
higher levels of ctDNA in the blood were detected when the tumor volume was higher.
In case of miliary hepatic metastases, resembling many small diffuse metastases in the liver,
the ctDNA and CTC count was higher. This correlation was not found in patients with
extrahepatic metastases [125]. When looked at chromosomal aberrations in the primary
tumor, the CTC and cfDNA cells show an overlapping genetic profile. Moreover, GNAQ
and GNA11 mutations were detected in ctDNA of UM patients. CYSLTR2 and PLCB4
mutations were detected in only two patients. The detection rate of ctDNA was much
lower in patients with localized UM (27%, n = 30) compared to patients with metastatic
disease (100%, n = 7) [126].
When looked at mRNA expression in the blood of patients with UM using reverse
transcription PCR, it has been shown that the detection of CTCs with this method can be
used for prognostication as well. mRNA expression of tyrosinase and MelanA/MART1
were correlated with disease-specific survival and overall survival [127]. Moreover, tyrosinase expression is significantly different when the primary tumor was classified regarding
the tumor size. Tyrosine expression was the highest in large tumors, and there was a direct
correlation between CTC values and tyrosine levels. The overall survival and disease-free
survival were also better in patients without tyrosinase expression in their blood [128].
Another entity that can be used for noninvasive testing in patients with cancer are
exosomes. Exosomes are nanosized extracellular vesicles containing proteins, RNA and
DNA excreted by cells and have functional properties [129]. Although UM is a relatively
small tumor, the concentration of circulating exosomes derived from plasma of patients
with metastatic uveal melanoma is higher compared to healthy controls. These exosomes
contain melan-A and melanoma-associated micro-RNAS which support the theory that
these exosomes are of metastatic melanoma origin [130]. These findings emphasize the fact
that there is an enrichment of exosomes derived from cancer cells.
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These methods give promising results of new techniques that can be used in the
prognostication of patients with UM in a noninvasive manner. However, challenges will be
faced due to tumor size and the heterogeneity in affected genes, especially the nonhotspot
mutations that occur in BAP1.
6. Conclusions
Although posterior uveal melanoma, iris melanoma and conjunctival melanoma are
all ocular melanoma, they are distinct subtypes. The genetic profile of the type of ocular
melanoma differs from one to the other. Mutations that are common in posterior UM such
as GNAQ and GNA11 are described in iris melanoma but in lower frequency [44]. Moreover,
mutations in BRAF were detected in only one iris melanoma [44], whereas BRAF mutations
are common in conjunctival melanoma [34]. Germline mutations in BAP1 are described in
UM, but conjunctival melanoma is not part of the BAP1 tumor predisposition syndrome.
In familial UM as well as families in which UM is present and family members known with
malignant mesothelioma, cutaneous melanoma, clear cell renal cell carcinoma and basal
cell carcinoma, an underlying germline mutation in BAP1, can be present. Therefore, it is
recommended to test for germline BAP1 mutations when the family history is suspect.
Not only the genetic background of these melanomas is different. The overall survival
of patients with ocular melanoma of the different subtypes differs broadly. The prognosis of
posterior UM is poor compared to iris melanoma and the metastatic site differs between UM
and conjunctival melanoma. In conjunctival melanoma, metastases to regional lymph nodes
are described frequently, whereas UM primarily metastasize to the liver. The underlying
pathogenesis of difference in survival is not yet clarified. It has been shown that BAP1
mutations are correlated with poor prognosis in UM patients [100]. Since about half of all
patients with posterior UM harbor a mutation in the BAP1 gene, prognosis is poor. SF3B1
mutations, correlated with late onset metastases, have been found more often in posterior
UM compared to iris melanoma [21,44]. Based on the genetic profile, the difference in
survival could be explained.
The time of diagnosis of iris melanoma is probably in an earlier stage compared to
posterior UM since patients can detect changes in the iris. Posterior UM, in contrast, can be
detected without any clinical symptoms by routine clinical examination. Loss of vision can
occur when the melanoma is present in the macular region or when retinal detachment is
present. It seems that UM with retinal detachment at presentation carries a higher risk of
metastases. However, this risk can be attributed to the larger tumor diameter and other
tumor characteristics [131]. Retinal detachment is therefore not a risk factor on its own. It is
possible that these tumors are more aggressive, and therefore are detected at a larger tumor
size. However, the time of diagnosis is probably earlier compared to tumors that do not
give rise to any clinical symptoms. Therefore, it cannot be stated that iris melanoma has a
better prognosis compared to posterior UM due to a probably earlier time of diagnosis.
Conjunctival melanoma and UM are both rare in children; however, the limited data
suggest that survival in children seems better in both groups.
Unfortunately, no current treatment is available for metastatic disease of ocular
melanoma. In UM, liver resection is possible in only a few cases, but no validated systemic
treatment is currently used. Targeted treatment for conjunctival melanoma harboring a
BRAF mutation could be considered since the genetic profile is similar to that of cutaneous
melanoma in which BRAF/MEK inhibitors are used. Further genetic and molecular testing is needed to gain more insight in ocular melanoma and hopefully lead to targets for
therapeutic use.
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